D epression is associated with the development of dementia, including vascular dementia 1 and Alzheimer's disease (AD) 2, 3 . Although depression may occur in a prodromal phase of dementia or as secondary to dementia 4 , two recent meta-analyses found that a history of depression approximately doubled the risk of subsequent AD and dementia in general. 2, 3 Several studies have reported that depression was associated with faster cognitive decline in carriers of the APOE-ε4 allele, a genetic marker for AD, compared to those without this genetic marker. 5, 6 Depression may raise the risk of dementia because of biologic abnormalities associated with this affective illness, such as hypothalamic-pituitary axis dysregulation and high cortisol levels 7 , decreased homeostasis of the autonomic nervous system resulting in decreased heartrate variability 8 , increased platelet activation 9 , and an increase in pro-inflammatory factors. 10 Depression may also increase the risk of dementia because of its association with a higher risk for behavioral risk factors such as smoking, obesity, and sedentary lifestyle and vascular risk factors such as hypertension, hyperlipidemia, and diabetes.
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Diabetes is also a risk factor for development of vascular dementia and may accelerate cognitive decline in AD. [12] [13] [14] Population-based studies have shown that the risk of dementia, AD, and vascular dementia ranged from 40% to two-fold higher in patients with diabetes compared to controls without diabetes. [12] [13] [14] Some, but not all, studies also showed that diabetes modifies the association between the APOE-ε4 allele and AD, with those with both diabetes and the APOE-ε4 allele at the greatest risk of AD. 14 Multiple factors associated with diabetes could increase the risk of dementia, including inflammatory factors, hyperglycemia-induced tissue damage, vascular complications, hypoglycemic episodes, insulin resistance, oxidative stress, and microvascular and macrovascular disease. 15 Patients with diabetes have a high prevalence of comorbid depression 16 . Among patients with diabetes, depression has been associated with poor self-care (adherence to diet, exercise, smoking cessation, and disease control medications) 17 , more cardiovascular risk factors, 18 hyperglycemia, and macrovascular and microvascular diabetic complications, 19, 20 all of which raise the risk of both vascular dementia and AD. It is not known whether patients with comorbid depression and diabetes have a higher risk of subsequent development of dementia compared to those with diabetes alone.
In this prospective study, we examined the risk of development of dementia among a large sample of primary care patients with diabetes followed over a 5-year period. We hypothesized that patients with comorbid major depression and diabetes compared to those with diabetes alone would have a greater risk of development of dementia.
METHODS

Setting
Group Health (GH) is a mixed model capitated health plan serving over half a million members in Washington State. Most GH members receive health care within the integrated health practice, which includes approximately 30 primary care clinics in Western Washington State. The GH enrollment is demographically similar to the area population. All study procedures were approved by the institutional review board of GH.
Study Cohort Selection
The cohort for this prospective study, the Pathways Epidemiologic Follow-Up Study, was initially sampled between 2000 and 2002 from adults in the GH diabetes registry who received care from nine primary care clinics in the Puget Sound region. The clinics were chosen because of the geographic proximity to Seattle and the socioeconomic, racial/ethnic diversity of patients they serve. Patients were selected for the GH diabetes registry based on meeting any of the following eligibility criteria in the prior 12 months: two fasting plasma glucose levels ≥126 mg/dl, two random plasma glucose levels ≥200 mg/dl, a prescription for insulin or an oral hypoglycemic agent, two outpatient diagnoses or any inpatient diagnosis of diabetes. 21 Surveys were mailed to 9,063 patients, but 1,222 were later found to be ineligible due to death, disenrollment, erroneous diagnosis of diabetes, or cognitive impairment. 
Pathways Epidemiologic Follow-Up Study
Approximately 5 years post-enrollment, surviving members of the cohort were re-contacted by mail and follow-up telephone calls during 2005 to 2007. Consenting patients received a 20-minute telephone interview and were asked for permission to review their medical records. Waiver of consent to review medical records was approved by the GH Human Subjects Committee for patients who had died during follow-up of the cohort.
Predictor of Interest
The predictor of interest was major depression as determined by the Patient Health Questionnaire (PHQ-9). 22 The PHQ-9 is a self-report measure based on the American Psychiatric Association Diagnostic and Statistical Manual, Version IV (DSM-IV) criteria for major depression. A systematic review has shown that the PHQ-9 has a 77% sensitivity and 94% specificity to the diagnosis of major depression based on structured psychiatric interviews. 23 The PHQ-9 includes the nine DSM-IV major depressive symptoms with each item scored with a 0 to 3 Likert scale; criteria for major depression require at least five symptoms endorsed more than half the time, including at least one of the cardinal symptoms: depressed mood or anhedonia. 22 
Potential Confounders
Potential confounders obtained from the mailed survey included sociodemographic characteristics (age, gender, race/ethnicity, and education), diabetes duration, and height, weight, and health habits including smoking and physical activity from the Summary of Diabetes Self-Care Questionnaire. 24 Physical inactivity was defined as 0 to 1 days of exercise in the prior week based on research showing that ≥2 h per week of exercise was cardio-protective in patients with diabetes. 25 The number of diabetes complications and intensity of treatment were obtained from automated medical and laboratory records. This diabetes complication measure is associated with hospitalizations and mortality in the subsequent year. 26 Other nondiabetes-related medical comorbidity was ascertained by using the RxRisk score, a computerized pharmacy measure of medical comorbidity, which is associated with costs and utilization. 27 Hypertension diagnosis at baseline was determined by review of paper and electronic medical records. The HbA 1c level drawn closest to baseline enrollment was obtained from automated clinical laboratory databases. Because depression has been shown to increase health utilization in patients with diabetes 28 and potentially provide more opportunities for the physician to diagnose dementia, we used GH automated data to develop a measure of primary care visits per month over the 5-year period.
Outcome of Interest: Dementia
Incident cases of dementia were identified from both outpatient and inpatient databases based on the presence of one or more ICD-9-CM diagnosis codes of senile dementia uncompli-cated (290.0), Alzheimer's disease (331.01), vascular dementia (290.4), or dementia not otherwise specified (290.1) over the 5-year period after baseline. 29 We excluded patients with evidence of ≥1 dementia diagnoses prior to baseline. These ICD-9 codes have been used successfully in recent studies to identify patients with dementia among those with diabetes. 29, 30 Based on a recent GH study, having one of the above ICD-9 diagnoses for dementia was found to have a sensitivity of 77% and a specificity of 95% compared to a consensus diagnosis of dementia based on a neuropsychiatric battery, physical examination, structured interview with informants, and review of medical records (personal communication, P. Crane). A similar battery of ICD-9 codes from 5 years of Medicare claims data had sensitivity of 87% for identifying cognitive impairment compared to a neuropsychiatric battery among patients in an AD registry, and patients with more severe cognitive impairment were more likely to be identified. 31 
Statistical Analyses
We described baseline demographic and clinical characteristics of the depressed and nondepressed groups. We estimated the association between major depression and incident dementia diagnosis using proportional hazards models. Patients with evidence of ≥1 dementia diagnoses prior to baseline were excluded. Because the length of follow-back (i.e., years of observation prior to baseline survey) varied across individuals, analyses were stratified by years of follow-back to account for variations in the amount of prior data available, essentially matching by years of follow-back without restricting the number of matches. We censored individuals at the time of development of dementia, disenrollment, death from any cause, or the end of follow-up, whichever came first. We fit two proportional hazards models to the dementia outcome, with the first model including only baseline depression (major vs. no depression) and the second model including demographic characteristics (age, gender, race/ethnicity), clinical characteristics (diabetes duration, insulin use, RxRisk score, baseline evidence of hypertension, and diabetes complications) and baseline selfcare variables (BMI, smoking, physical inactivity, and HbA 1c ) and a health utilization measure (the number of primary care visits per month over the 5-year period).
To address the possibility that depression was a prodrome of dementia or secondary to dementia, we completed a sensitivity analysis that repeated the above proportional hazards models, excluding patients who had an ICD-9 dementia diagnosis during the 2-year period after baseline. In a second sensitivity analysis, we defined dementia more conservatively using ≥2 ICD-9 dementia diagnoses, excluding patients with ≥2 ICD-9 dementia diagnoses prior to baseline and with time to second ICD-9 dementia diagnoses as the post-baseline dependent variable. A final sensitivity analysis added two additional cognitive impairment codes to the four used in the current study as one previous study did (ICD codes 331.83, mild cognitive impairment and 780.93, memory loss NOS) 29 for both dementia pre-baseline dementia exclusion diagnoses and post-baseline case ascertainment. Our primary cause-specific analyses assume that death and dementia are independent events. These analyses censor individuals at death, removing them from the risk set. If death and dementia are positively correlated, then removing individuals with other events from the risk set systematically removes individuals at higher risk for the event of interest. We explored whether there were competing risks for dementia and death by carrying out cause-specific analyses that keep individuals with the competing event (death) in the risk set. 32 All analyses were carried out using SAS statistical software.
RESULTS
Of the 4,128 consenting patients, 76 had a dementia diagnosis prior to screening and were excluded (see Fig. 1 ). Another 215 patients were excluded because of missing covariate data, leaving 3,837 participants for the current study.
Compared to those without major depression, patients with major depression were younger and more likely to be female, unmarried, smokers, physically inactive, and treated with insulin. They also had higher RxRisk scores, higher HbA 1c levels, more diabetes complications, and higher mean BMI (Table 1) .
During the follow-up period, a total of 199 participants (5.2%), representing over 15,468 person-years of follow-up, met our primary definition of dementia with ≥1 ICD-9 dementia diagnosis for an incidence rate of 12.9 per 1,000 person-years. Of the 455 patients with major depression at baseline, 36 (7.9%) had a new diagnosis of dementia during follow-up over 1,671 person-years for an incidence rate of 21.5 per 1,000 person-years, compared to 163 of 3,382 (4.8%) patients without major depression over 13,797 person-years for an incidence rate of 11.8 per 1,000 persons-years.
Multivariable analyses were conducted with major depression as the predictor of interest and dementia as the primary outcome (Table 2) . Baseline comorbid major depression in patients with diabetes was associated with a 2.69-fold greater risk of dementia (95% CI 1.77, 4.07) compared to diabetes alone after adjustment for sex, age, race, education, diabetes duration, treatment intensity, diabetes complications, other medical comorbidity (RxRisk), hypertension, self-care and health utilization variables (BMI, smoking, physical inactivity, HbA 1c , and number of primary care visits per month).
In a sensitivity analysis excluding patients who developed dementia in the 2-year period after baseline, we found that 17 (3.9%) of 436 participants with major depression versus 106 (3.2%) of 3,325 participants without major depression had evidence of a dementia diagnosis in years 2 to 5. The results of the fully adjusted model were very similar (HR=2.05, 95% CI 1.19, 3.53). In a second sensitivity analysis, a total of 128 (3.3%) patients met the more conservative definition of dementia using ≥2 ICD-9 codes, including 23 of 459 (5.0%) patients with major depression and 105 of 3,407 (3.1%) patients without depression. Although depressed and nondepressed groups had lower rates by this definition, the fully adjusted hazard ratio associated with depression was similar (HR=2.77, 95% CI, 1.71, 4.49). The final sensitivity analyses that added two additional dementia codes to the four used in the current study found 48 of 455 (10.6%) of depressed versus 237 of 3,382 (7.0%) nondepressed developed dementia with only a slight change in the adjusted hazard ratio (HR=2.38, 95% CI 1.71, 3.32)
The cause-specific analysis produced similar results. The fully adjusted hazard ratio associated with depression was 2. 18 (95% CI 1.49, 3.19) .
DISCUSSION
In this prospective study, comorbid major depression in patients with diabetes was associated with a 2.7-fold increase in risk of dementia compared to patients with diabetes alone. Prior systematic reviews have found that both diabetes 12, 13 and depression 2, 3 are risk factors for dementia, but to our knowledge, this is the first study that has found a higher risk of incident dementia associated with comorbid major depression among patients with diabetes. Depression may add to the risk of dementia associated with diabetes in several ways. Comorbid depression in patients with diabetes is associated with poor glucose control 33 , higher BMI 34 , higher rates of smoking 34 , physical inactivity, and lapses in adherence to hypoglycemic, lipid-lowing, and antihypertensive medications 17 . These adverse self-care characteristics could increase risk of macrovascular and microvascular complications. However, in our adjusted proportional hazard model, none of the baseline self-care variables were significant covariates (i.e., BMI, smoking, physical inactivity, or HbA 1c ), suggesting that these health risk factors may play a minor role in the risk of dementia among patients with depression and diabetes. Biologic effects of depression include hypothalamic pituitary axis dysregulation, which results in chronic elevation of glucocorticoid production, and impaired negative feedback. 4 High cortisol levels may damage brain regions involved in cognition, such as the hypothalamus, 35, 36 as well as decrease neurogenesis in key brain areas 37 . Chronic and recurrent depression have been shown to be associated with hippocampal atrophy. [38] [39] [40] Elevated cortisol levels also independently predict several components of the metabolic syndrome, including abdominal obesity, low levels of high density lipoproteins (HDL), and hypertriglyceridemia, all of which are thought to be risk factors for AD and vascular dementia. 4 Depressed persons with diabetes are twice as likely to have three or more cardiovascular risk factors compared to nondepressed people with diabetes. 18 Higher numbers of cardiovascular risk factors are associated with higher risk of vascular dementia and AD. 41, 42 Depression is associated with increased risk of myocardial infarction 43 and stroke 44 in community populations and a 35% increased risk for macrovascular complications in patients with diabetes. 45 Diabetes is also associated with a significant risk of macrovascular complications. 14 These vascular complications associated with both depression and diabetes may lead to additive risk of both AD and vascular dementia.
14, [46] [47] [48] Another possible interpretation of our data is that depression at baseline was secondary to dementia or was a prodromal symptom of early stage dementia. 4 Both vascular dementia and AD are associated with a higher prevalence of depression. 49, 50 Depression frequently occurs in the early stages of AD and may result from both cell loss in key areas of the brain controlling emotions as well as a psychological reaction to cognitive loss. 4 Vascular changes such as white matter hyperintensities are a risk factor for both depression 51, 52 and dementia, 53 and are associated with a high prevalence of depression in cross-sectional studies 54 . In our sensitivity analysis that excluded patients with an ICD-9 diagnosis of dementia in the 2 years after baseline, depression remained associated with an increased risk of dementia, suggesting that depression was less likely to be a prodromal symptom or secondary to dementia. The patients in the current study also had to accurately fill out a 20-page mailed questionnaire at baseline, suggesting that dementia prior to baseline measurement of depression was unlikely.
Limitations of this study include that identification of dementia was based on ICD-9-CM codes and thus physician recognition of dementia. A prior study at GH has shown ICD-9-CM codes of dementia have high specificity (i.e., 95%), but only about 77% sensitivity compared to prospective comprehensive case ascertainment, including cognitive testing, physical examination, informant interviews, and medical records review (personal communication, Paul Crane). 31 This suggests low rates of false positives. Because depression has been shown to be associated with increased health utilization in patients with diabetes 28 , patients with depression could have more opportunities for a physician to diagnose depression. However, controlling for primary care visits over the 5-year period had a negligible effect on risk of dementia associated with depression in our study. A second limitation is that diagnosis of probable major depression was made by the PHQ-9, not a structured psychiatric interview, and was only measured at baseline. However, a PHQ-9 score of ≥10 has moderate sensitivity and high specificity for the diagnosis of depression compared to structured interview 22 , suggesting few false positives. The patients in our study who were depressed at baseline also had a high rate of chronic depression with approximately 75% stating they had been depressed for ≥2 years. 55 This study was observational and, while our models adjusted for potential confounding by including covariates related to non-response, it is possible that there was some residual confounding. A final limitation is that self-report of physical inactivity, BMI, and smoking status at baseline may not reflect subsequent health behaviors over the 5-year followup period.
CONCLUSION
Comorbid major depression in patients with diabetes was associated with more than double the risk for development of dementia. Until more research is available, it seems prudent for clinicians to add effective treatment of depression to other preventive measures such as increasing exercise, weight 
